EFFECTS OF CYANIDE ON THE PROTOPLASM OF AMEBA by Brinley, Floyd J.
EFFECTS OF CYANIDE ON THE PROTOPLASM  OF AMEBA. 
BY FLOYD J.  BRINLE¥.* 
(From the Zoological Laboratory of the University of Pennsylvania, Philadelphia.) 
(Accepted for publication, May 30,  1928.) 
Within the last  75  years a  vast  amount of information has  been 
obtained concerning the physiological action of cyanide on organisms. 
Most of the literature, however, deals primarily with the effects of 
potassium cyanide on oxidation, while comparatively little information 
seems to exist in regard to the direct action of cyanide on protoplasm. 
Since most of our information was obtained from oxidation experi- 
ments with potassium cyanide (1,  2, 3), and since it is known that 
hydrogen cyanide passes  through  living membranes  (4,  5),  it  was 
thought desirable to study in some detail the effects of hydrogen cya- 
nide and  potassium  cyanide on  the physico-chemical properties of 
protoplasm.  The work here reported deals with the effects of hydro- 
gen cyanide and potassium cyanide on the viscosity of the protoplasm 
of a small species of ameba of the proteus group. 
Method. 
Ameb,~ were immersed in aqueous solutions of  HCN or KCN  and  the  same 
solutions were injected into other individuals by means of Chambers' micromanip- 
ulator.  The concentrations of the cyanide solutions ranged from ~r/10  to N/3,000 
and the pH values were changed by the addition of NaOH or HC1.  The organisms 
were  studied with  transmitted  light  and  with  dark-field  illumination.  It was 
previously determined that Brownian movement (6) may be used as an index of the 
comparative viscosity of  the  protoplasm of  ameb~e;  an  increase in  the  rate  of 
Browaian  movement  denotes a  decrease in  the viscosity and a  decrease in  the 
movement an increase in viscosity.  One criticism of this method is the lack of 
quantitative results.  It has, however, an advantage over other methods in that 
the viscosity changes in the protoplasm may be noted without  interfering with 
the organism under observation. 
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Immersion  Experiments. 
N/10 HCN:  Amebm immersed in N/10 HCN  solutions, with pH 
values of 4.6, 7.0 and 7.4, show an immediate increase in protoplasmic 
viscosity which is quickly followed by an internal reorganization of 
the protoplasm.  The  granular  portion of  the  protoplasm  collects 
into  numerous minute  spheres  which  are  suspended  in  a  hyaline 
matrix (Fig. 1).  The spheres are gelled at pH  4.6  while at  pH  7.0 
and 7.4 the granules within the spheres show slight Brownian move- 
ment indicating a gel of low viscosity.  The separation of the granular 
portion of the protoplasm into dense spheres also occurs when amebm 
are immersed in a HC1 solution with a pH of 4.6.  Higher concentra- 
tions of HC1  (pH  1.6)  produce an immediate gelation of the entire 
protoplasm (6).  Thus it appears that the formation of the granular 
spheres is an intermediate stage between liquefaction, which occurs 
when amebm are exposed to dilute cyanide solutions, and gelation of 
the protoplasm. 
N/100 HCN:  When ameba~ are immersed in N/100 HCN solutions 
with pH  values 5.0,  6.6  or  7.4,  the viscosity of the protoplasm is 
slightly increased for a  few seconds, then followed by a  swelling of 
the protoplasm and a marked increase in the rate of Brownian move- 
ment.  The cell assumes a spherical form and the contractile vacuole 
enlarges enormously and finally breaks, liberating the enclosed fluid 
which mixes immediately with the cytoplasm.  The cell membrane is 
either  ruptured,  allowing  the  liquid  cytoplasm to  escape  into  the 
surrounding medium or it remains intact.  If the cell membrane is 
not broken, the granular portion of the protoplasm collects into one 
large sphere which is suspended in a  hyaline medium (Fig. 2).  The 
cell membrane eventually dissolves and the cell disintegrates. 
N/300  HCN:  Amebm  placed  in  N/300  HCN  solutions  with pig 
values of 5.6, 6.6 and 7.4, remain active for a few seconds, then locomo- 
tion ceases and the animal retains its life-like position with its pseudo- 
podia extended.  This quiescent stage is accompanied by an increase 
in viscosity of the protoplasm and the animals ultimately swell and 
assume a spherical form, which is characterized by a marked decrease 
in  viscosity.  The  contractile  vacuole  enlarges  to  many  times  its 
original  size  and  several  accessory  vacuoles  appear.  The  surface FLOYD  J.  BRn~LEY  203 
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FIG. 1.  Free-hand sketch of ameba killed with N/10 HCN, showing the forma- 
tion of minute spheres of protoplasm suspended in a hyaline area. 
Fro. 2.  Sketch of ameba killed in N/100 HCN.  Protoplasm collected in one 
large sphere. 
FIG. 3.  Sketch of ameba immersed in N/300 HCN, showing the  enlarged con- 
tractile vacuole. 
FIG. 4.  Drawing of ameba ~mraersed in N/3000 HCN for 16 hours. 
FIG. 5.  Drawing of ameba immersed in N/100 KCN, showing  the  limax form. 
FIG.  6.  Sketch  of  ameba  injected  with  HCN  or  KCN.  Animal  alive  and 
moving in the direction indicated by the arrow. 204  CYANIDE ON  THE PROTOPLAS~ OF AMEBA 
membrane dissolves after  several  hours  and  the  cell  disintegrates 
(Fig.  3). 
•/3000  HCN:  Ameb~e immersed in  N/3000  HCN  solutions with 
pH values of 6.6 and 7.4, flatten out into a very thin layer on the sub- 
stratum.  This reaction is accompanied by a decrease in protoplasmic 
viscosity.  The contractile vacuole becomes enlarged but does not 
function; the animals gradually swell and disintegration occurs after 
24 to 48 hours (Fig. 4). 
N/10 KCN:  Ameb~e immersed in N/10 KCN solution, pH 9.8,  die 
very quickly; the cell membrane dissolves and the protoplasm mixes 
with the surrounding solution.  The same reaction is obtained when 
ameb~e are placed in NaOH or KOH at a pH of 9.8, thus it seems that 
the effect of 1~/10 KCN  (pH 9.8)  on ameb~e is  due  largely  to  the 
alkalinity of the solution. 
Ameb~e immersed in I~/10 KCN solutions with pH values of 6.8 or 
7.4 show an initial increase in protoplasmic viscosity, which is followed 
in 1 to 2 hours by a liquefaction of the protoplasm and disintegration of 
the cell. 
N/100, N/300, 1~1/3000  KCN:  Ameb~e immersed in N/.100, N/300 and 
N/3000 KCN solutions (pH 6.8 and 7.4) elongate into the limax form 
and continue locomotion for from 30 minutes to 24 hours depending 
upon the concentration of the cyanide solution.  The animals grad- 
ually swell which is immediately followed by liquefaction of the pro- 
toplasm and disintegration of the cell occurs within 3 days (Fig. 5). 
Injection Experiments. 
By  means of the  Chambers'  micromanipulator, amebm were  in- 
jected with HCN or KCN.  The concentrations ranged from N/10 to 
N/3000 and the pH values from 4.6 to 7.4.  The cyanides at different 
concentrations and with different pH values produce similar effects on 
the  internal  protoplasm  of  amebas.  The  animals  after  injection 
become highly vacuolated and  assume  a  fan  shape  (Fig.  6).  The 
anterior  end spreads out into  a  very thin layer on  the  cover slip. 
Brownian movement and streaming of the protoplasm is accelerated; 
the contractile vacuole enlarges slightly but usually does not contract 
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in contact with the cell membrane.  The animals recover unless the 
dosage is so large that it injures the membrane. 
Insertion of a  needle into the protoplasm of an ameba results in a 
local gelationatthe point of stimulation.  As locomotion of the animal 
continues the gelled area lags behind and eventually constitutes the 
posterior region of the organism and the ameba assumes a limax form. 
Ultimately the gelled region is assimilated by the organism and the 
animal returns to its normal shape. 
Injections of distilled water into ameb~e result in a  dilution of the 
protoplasm,  streaming of  the  protoplasm  is increased and the con- 
tractile vacuole contracts at irregular intervals.  For a more detailed 
account of the effect of injections of distilled water on the contractile 
vacuole the reader is referred to the paper of Howland and Pollack (7). 
Tearing the Surface Membrane. 
The cell membrane of a  normal ameba is elastic and it is possible 
to stretch it by means of microdissection needles into a long thread- 
like structure which appears to be fibrous in texture.  When released 
the membrane returns to  approximately its former position.  With 
considerable care the animal may be pulled into two parts without 
any escape of the internal protoplasm and the two sections will con- 
tinue locomotion.  When a small tear is made in the cell membrane, a 
portion of the internal protoplasm flows from the torn surface and the 
injury is repaired by the formation of a  new membrane.  If the tear 
is sufficiently  large, the protoplasm flows out of the cell and mixes with 
the  surrounding  water.  When  amebm  are  immersed  in  aqueous 
solutions of HCN or KCN and the cell membrane torn, a new mem- 
brane  is  formed over  the injured  surface, which indicates  that the 
internal protoplasm has not been greatly injured. 
Injection Followed by Immersion. 
The results of the experiments on immersion, injection and tearing 
of the cell membrane, seem to indicate that the toxicity of cyanides is 
due to their action on the cell membrane and that the internal proto- 
plasm is not permanently injured.  Since it has been shown that HCN 
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the viscosity of the internal protoplasm of ameba,  it  was thought 
desirable to ascertain whether the toxicity of cyanide is due entirely to 
its effect on the the cell membrane or to an effect on the membrane and 
the internal protoplasm.  Twenty-five to  thirty ameba~  in  a  single 
experiment were injected with HCN or KCN and then quickly im- 
mersed in cyanide solutions.  A higher concentration of intracellular 
cyanide was obtained by this means than would have been obtained 
from immersion in a  cyanide solution.  If the toxicity of cyanide is 
due to an effect on the cell membrane and internal protoplasm, the 
injected individuals should die in a much shorter time after immersion 
than the uninjected animals.  The results, however, show that  the 
injected organisms do not die any sooner after immersion, than do the 
uninjected cells immersed in the same cyanide solutions.  This seems 
to indicate that the toxic action of cyanide is exclusively a surface one. 
SUMMARY. 
The experiments seem to  indicate that the toxicity of HCN and 
KCN for ameb~ is due to their effect on the ceil membrane and not on 
the internal protoplasm. 
Concentrated solutions (~/I0-N/300) of HCN or KCN produce an 
initial increase in viscosity of the protoplasm of ameba~  (immersed) 
which  is  followed  by  liquefaction  and  disintegration  of  the  cell. 
Dilute solutions of HCN or KCN decrease the viscosity of the proto- 
plasm of ameb~e. 
Injections of  HCN  or  KCN  into  amebm  produce  a  reversible 
decrease in viscosity of the protoplasm. 
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